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Abstract 
The problem of the destruction of turbo-machinery components is very complex, because it consists of processes of erosion and 
corrosion. The most dangerous factor is the cavitation phenomenon, which is very difficult to eliminate through the use of design 
solutions. It causes deterioration of the operating characteristics of machinery and equipment, such as water turbines, steam turbines, 
centrifugal pumps, screw vessels, cylinder liners with water-cooled engines, acoustic probe. The most commonly used method of limiting 
the destruction of cavitation phenomenon is the optimum choice of parameters of geometric and hydraulic machines, the appropriate 
design of elements and streamlined flow and providing working conditions of flow devices. The above-mentioned methods by design, the 
size of flow devices are limited, so better action to prevent the flow of erosion may use the material for greater resistance to erosion and 
cavitation corrosion is the alloy of  intermetallic FeAl phase, which production costs are low compared to cast steel and cast iron alloy 
based on chromium and nickel. 
The paper presents results of an investigation carried out for cavitational resistance of the B2-type Fe-Al casting alloys using  
a flux-impact measuring device. The intermetallic FeAl alloys proved to have good resistance to this type of erosion in comparison to 
other construction materials, investigated by flux-impact device. 
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1. Introduction 
 
One of the forms of destruction of construction materials is 
cavitational erosion. The phenomenon of cavitational destruction 
occurs mainly in machine elements that are washed by rapid flows 
of liquid or work in ultrasonic field of high intensity. They 
include the elements of pumps, water turbines, steam turbines, 
marine diesel engines, screw propellers, and sonic sounders. The 
basic reason of cavitational destruction process are sudden 
changes in flowing liquid pressure – pulse reduction of liquid 
pressure below the critical pressure, which is close to liquid 
evaporation pressure, followed by formation of vapour-gas 
bubbles and implosion of these bubbles in the zone of higher 
pressure. In the situation described, the developing micro-bubbles 
play the part of cavitational nuclei having such a property that 
they are capable of cyclic reproduction due to liberation of gases 
contained in the liquid volume. The recurrent phenomenon of 
compression and implosion of gas bubbles in the working liquid is 
accompanied by oscillating pressure pulses that even reach 
several thousands MPa, which are in particular dangerous in case 
of the grouping of bubbles in a cavitational cloud, where the 
bubbles implode simultaneously, inducing at the same time a 
larger pulse of final pressure than the implosion of single bubble. 
Under critical conditions, a cumulative streamlet of liquid may be 
formed which moves at a speed exceeding 100 m/s [1-6]. 
On the surface of material exposed to the effect of liquid, the 
cavitation phenomenon induces local destruction of the surface 
layer as a consequence of the resultant effect of liquid micro-
stream blows with high hydrodynamic parameters as well as 
pressure waves. Due to the nature of loading, destruction of 
material surface can be compared to the fatigue process. 
Quantitative and qualitative description of cavitational destruction 
depends first of all on the type of material and the conditions 
under which the process of cavitational erosion takes place. In the 
first case, the structure of material is in question (i.e. grain size, 
type of inclusions, impurities and phases, their morphology, 
arrangement, etc.), whereas in the second one it is about the 
distribution of cavitational loading and the possibility of 
additional occurrence of chemical, electrochemical and thermal 
processes within the implosion area [7]. 
Soft construction materials, such as copper, nickel and 
aluminium, undergo the plastic strain under the influence of 
cavitational loading as early as in the initial stage, with their 
surface becoming unevenly waved. Farther effect induces 
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305formation of elevations and cavities, which change with time into 
deep pitting and craters. Hard materials, such as steels, are not 
subjected to the process of plastic flow. After strengthening the 
surface to a specific level, there are cracks occurring on the 
surface – on the border between grains and twins, in slip bands 
and phase boundaries. The developing cracks are of the fatigue 
character [8]. 
Among the methods of counteracting the destructive effect of 
cavitational erosion, two main methods are distinguished [9]: 
- construction method – consisting in optimum selection of 
machine geometric and hydraulic parameters, adequate 
construction of streamline and flow elements as well as in 
providing with conditions for the work of flow devices that 
eliminate or minimise the development of cavitation phenomenon 
and the same the occurrence of cavitational erosion; 
- technological method – consisting in selection of 
construction materials with as high cavitational resistance as 
possible, application of protective coating made of non-metallic 
and metallic materials, improvement of the properties of metallic 
materials through surfacing, plating, and heat or laser treatment. 
The use of alloys based on intermetallic phases, so called 
intermetals, in near future can prove to be a far-reaching solution. 
They are the materials based on intermetallic phases from Ni-Al, 
Ti-Al and Fe-Al, which are characterised by: high strength, high 
elastic constant, low density when compared to steel, high heat 
resistance and high-temperature creep resistance, and high 
resistance to oxidation and corrosion in aggressive environment. 
The defects of these alloys include: low plasticity and small 
resistance to brittle cracking and propensity towards 
intercrystalline fracture in ambient temperature [10]. 
The aim of the present sudy was to examine the resistance to 
cavitational wear of casting alloys with the matrix of FeAl 
intermetallic phase of the B2-type structure from the point of view 
of their possible use for machine elements exposed to the effect of 
flowing fluid. 
 
2. Research methods 
 
The study covered five alloys with the FeAl intermetallic 
phase with molybdenum, boron, zirconium and carbon 
microadditions with the following contents of aluminium: 36 
at.%, 39 at.%, 42 at.%, 45 at.% and 48 at.%. The chemical 
composition of the examined materials and the selected 
mechanical properties are presented in Table 1. 
The intermetallic FeAl alloys were in the cast state and had 
the α-state one-phase structure of the solid aluminium solution in 
iron (Fig. 1). 
In order to fix the phase structure of the examined materials 
and to determine explicitly the crystallographic lattice, and the 
same to confirm the occurrence of long-range order which is 
typical for the B2-type superstructure, a qualitative X-ray analysis 
was carried out. Measurements were made by a Seifert XRD 3003 
diffractometer using the Cu lamp with a radiation length 
λKα1=0.15418 nm. Identification of the received diffractograms 
was made by means of manufacturer’s software using the ASTM-
PDFZ cards database. The obtained results confirm that the alloys 
under examination are the secondary ordered solid aluminium 
solutions in the α-state iron.  
 
Table 1. FeAl intermetallics alloys subjected to cavitation erosion  
 
 Intermetallics FeAl alloys 
 
Element 
FeAl36 FeAl39 FeAl42 FeAl45 FeAl48 
Al 36,00  39,00  42,00  45,00  48,00 
Mo 0,22  0,22  0,22  0,22  0,22 
Zr 0,10  0,10  0,10  0,10  0,10 
B 0,01  0,01  0,01  0,01  0,01 
C 0,13  0,13  0,13  0,13  0,13 
Fe 63,54  60,54  57,54  54,54  51,54 
Density 
[kg/m
3] 
 
6255 
 
6068 
 
5982 
 
5797 
 
5687 
Hardness  
HV0,1 
 
297,34 
 
311,47 
 
330,47 
 
347,64 
 
385,30 
 
 
 
Fig. 1. Typical microstructure of FeAl alloys after cast 
 
The location of the obtained reflexes from crystallographic 
planes, as well as their intensity, is evidence of the lack of texture 
and stresses in the structure of metallic alloys under examination 
based on the FeAl phase. 
The examination of cavitational erosion was carried out on a 
streaming-blowing apparatus. Samples for the examination were 
of the cylindrical shape, 20 mm in diameter and 6 
± 0,5 mm height. 
Sample surface roughness, measured by means of PGM-1C 
profilographometer, ranged 0,010÷0,015 µm. The samples were 
mounted vertically in rotor arms, parallel to the axis of water 
stream pumped continuously at 0.06 MPa through a nozzle with a 
10 mm diameter, 1,6 mm away from the sample edge. The 
rotating samples stroke against the water stream. Water flow 
intensity was constant and amounted to 1,55 m
3/h. The samples 
were examined for the period of 30 minutes, took out from the 
fixtures, degreased in an ultrasonic washer for 10 minutes at 
30°C, dried in a laboratory drier for 15 minutes at 120°C and 
weighed, than mounted again in the rotor arms, maintaining the 
initial position in relation to the water stream. The analyses 
included 5 samples of each alloy, examined for the priod of 3000 
minutes. 
 
3. Study results and their analysis 
, 
Figure 2 shows cavitational destruction curves for FeAl 
intermatallics  alloys, expressed by the mass losses in time 
function. 
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Fig. 2. Results of cavitational erosion intermetallic alloy a) FeAl36, 
    
 
The course of cavitational erosion in the examined FeAl 
alloys jest very similar to each other. In the initial period, the 
water stream action on the surface of samples induces the 
strengthening of surface layer and the increase of micro-hardness. 
Also the plastic strain was observed on the surface of samples, 
manifested in the uplift and collapse of the adjoining grains. In the 
initial stage of analysis, the following effects were observed on 
the surface of examined samples: 
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307- cavities induced by the implosion of cavitational bubbles to be 
found near the sample surface or by the blow of very small 
impurities to be found in the water stream, 
- cracks on the material surface along the grain boundaries, 
- first single losses of material on the grain boundaries (Fig. 3.) 
 
a)
 
 
b)
 
 
Fig. 3. Effects of cavitational erosion of intermetallics FeAl 
alloys: a) uplift and collapse of the grain, b) mass decrement in 
triple point and edgewise of the grain 
 
Further exposure of the material surface to cavitational 
loading leads to development of cracks on the material surface. 
As a result of grain edge crushing, craters form along the cracks. 
The erosion of sample surface increases, but the loss of material is 
still very small. (Fig. 4.) After 1200 minutes of exposure, it 
merely amounts to about 1-2 mg. Figure 5 shows the state of 
intermetallics FeAl sample surface. 
The implosion of cavitational bubbles on the rough and 
uneven surface leads to faster weight loss. In certain places, such 
as caving and larger craters or pitting, faster material erosion 
occurs. After the examination time of 1800 minutes, the loss of 
whole grains or their clusters can be observed on the surface 
induced by fatigue stresses occurring on the material surface, the 
evidence of which are fatigue stripes (Fig. 6).  
a)
 
 
b)
 
 
Fig. 4. Effects of cavitational erosion of intermetallics FeAl alloys 
after 600 min: a), craters edgewise of the grain, b) state of FeAl 
sample surface after 600 min. 
 
a)
 
 
Fig. 5. Effects of cavitational erosion of intermetallics FeAl alloys 
after 1200 min. 
 
Over 1800 minutes, all samples undergo rapid cavitational 
destruction. The signs of cleavage and intercrystalline cracking 
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308 are visible on the surface. The surface state after the examination 
time of 3000 minutes is showed on photographs (Fig. 7).  
 
a)
 
 
b)
 
 
Fig. 6. Effects of cavitational erosion of intermetallics FeAl 
alloys: a), b) fatigue stripes shown 
 
 
 
 
Fig. 7. Effects of cavitational erosion of intermetallics FeAl alloys 
after 3000 min. 
 
Figure 8 shows the comparison of cavitational destruction 
curves in the volume loss to time function. 
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Fig. 8. Comparison of the test result of cavitational erosion   
of intermetallics FeAl alloys 
 
 
In order to compare the resistance of FeAl intermetallic alloys 
with the B2-type structure to cavitational erosion, 4 additional 
samples of each alloy made of the materials used at present in the 
construction of elements exposed to destructive cavitational effect 
were examined as well as the model materials, examined on 
different cavitational sites within the International Cavitation 
Erosion Test (ICET). The findings are presented as the volume 
loss in time function (Fig. 9). 
 
4. Conclusion 
 
Cavitational resistance is defined most frequently by 
comparison of material destruction kinetics tested on a given 
installation. The longer is incubation time and the smaller is 
destruction rate, the larger is the capability of material to resist a 
destructive effect of cavitation. The comparison of the findings 
with the results of test of other materials carried out under the 
same conditions allows for stating that the examined FeAl (B2) 
intermetallic alloys have a very good resistance to cavitational 
wear. The highest resistance among them is showed by the alloys 
with the largest content of aluminium (FeAl45 and FeAl48).  
The excellent resistance to cavitational erosion confirmed in 
the study may cause these materials to be used for elements of the 
machine parts exposed the most to this type of erosion, i.e. for 
impeller pump rotors, screw propellers and steering foils. The use 
ARCHIVES OF FOUNDRY ENGINEERING Volume 10, Special Issue 1/2010, 305-310 
 
309of materials with higher resistance to cavitational destruction will 
prolong the service life of a given installation, not causing a 
decrease in their efficiency and the occurrence of excessive noise 
and vibration. 
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Fig. 9. Comparis of the test results of cavitational erosion   
of intermetallics FeAl alloys with other materials 
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